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Effects of Double Shot Peening on Rotational Bending Fatigue Life of A-100 Steel

HUA Cheng, YAO Lan, LI Guoqing, SHAO Yang
(Chengdu Aircraft Industrial(Group)Co. LTD., Chengdu 610092, China)

Abstract: The surface topography, surface roughness, residual stress field and rotational bending fatigue life of A-100 steel
specimens without shot peening, single shot peening and double shot peening were tested. The relationship between surface
topography, surface roughness, residual stress field and rotational bending fatigue life was investigated to reveal the
strengthening mechanism of A-100 steel with double shot peening. Results show that the double shot peening can obtain
smoother surface morphology and lower surface roughness compared with the single shot peening. After the double shot
peening, the Rz value is 24%—47% lower than that of the single shot peening. In terms of residual stress, the maximum residual
compressive stress, maximum residual stress depth and maximum residual stress field depth of double shot peening vary
slightly, while the residual compressive stress values near the surface layer (0—100 pum) increase. The improvement of the
surface morphology and the residual compressive stress field are the two main reasons for the strengthening effect of double
shot peening. On the basis of single shot peening, double shot peening can further improve the fatigue life of A-100 steel and
obtain better strengthening effect under lower shot peening strength. On condition of omax=1000 MPa, R=—1, the rotational
bending fatigue life is more than 50 times longer than that of the unpeened sample and more than 5 times longer than that of
the single peened sample.
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Table 1 Chemical composition of A-100 steel (W/%)
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Table 2 Mechanical properties of A-100 steel after final heat
treatment

Rw/MPa Rpo2/MPa As/% W% Kic/MPa- /m)

1970 1650 15 69.5 123

Composition  C Co Ni Cr Mo S P

Contert 0.26 1338 11.34 290 1.20 0.0014 <0.005

Composition  Si Mn Al o N Ti

Contert 0.035 0.0071 0.026 0.0005 0.0003 <0.005
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Fig.2 Specimen of rotational bending fatigue
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Table 3  Shot peening process parameters of A-100 steel

Sample Type Shot peening requirements
A Single shot penning S230, low strength, 100%
B Single shot penning $230, medium strength, 100%
C Single shot penning $230, high strength, 100%
D Double shot peening S230, low strength, 100%+

7300, low strength, 100%
S230, medium strength, 100%+
7300, low strength, 100%
S230, high strength, 100%+
7300, low strength, 100%

E Double shot peening

F Double shot peening
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Table 4 Comparison of rotational bending fatigue life of A-100 steel
(x10%

Lowest Median  Fatigue life Fatigue life

Sample fatigue life fatigue life increments I increment II
Unpeened 1.8 3.1
A 2.1 3.5 0.1
Single shot = | 26.5 75
penning
C 10.8 66.9 20.6
Double D 20 134 422 373
shot E 90 162 51.2 5.1
Peetiie g 6.1 18.2 49 -0.7
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Fig.3 Surface morphologies of the plate specimens after different shot peening processes
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Fig.4 Residual compressive stress field of the plate specimens after different shot peening processes

RS FEBATLZTRERFZHIRTARE

Table 5 Surface roughness of the plate specimens after different shot peening processes

Surface roughness Unpeened specimen A B C D E F
Ra 0.44 0.61 0.98 1.70 0.43 0.44 0.95
Rz 3.08 3.35 5.73 8.54 2.54 3.54 4.56
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(a,) High magnification of (a,)

(b,) Single peened specimen (3.0x10%)

(b,) High magnification of (b,)
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(c,) Double peened specimen (1.07x10°)

(c,) High magnification of (c,)
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Fig.5 SEM morphologies of the crack initiation site for fatigue fracture
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